A micro space technique for determining membrane permeability in Rickettsia prowazeki is described and justified. The cell water, cell wall plus periplasmic volume, and glutamate, ethylene glycol, and adenosine diphosphate permeabilities were determined by this method. The effect of nonionic detergents on rickettsial permeability was examined: Triton X-100 destroyed the permeability barrier, whereas Lubrol-WX left it intact.
The assessment of membrane permeability by "space" measurements has a long tradition in both animal and microbial cell physiology (1, 3, 6, 7, 10, 11) . In such measurements one determines the volume, or space, occupied by an isotopically labeled test substance relative to the total water in the system. A large impermeant molecule is accessible to only the extracellular space, a permeant but not accumulated substance will have the same space as the total water, and an accumulated (or metabolized molecule) will have a space which appears greater than the total water in the system since the molecule is concentrated within the cell. Investigations of active transport in single-cell systems, such as bacteria, have often employed more rapid and manipulatable techniques such as filtration of the cells on microporous filters followed by a quick wash to remove extracellular material. The isotope remaining associated with the filter is assumed to be that which entered the cell. However, studies on nonaccumulating systems and passive permeability have made extensive use of the space technique (1, 3, 6, 7, 10, 11) . In addition, sucrose and inulin space measurements in both gram-positive and gram-negative bacteria have been used to determine cell water (4, 12, 13, 17, 18) . Myers et al. have used similar techniques with Rickettsia mooseri to determine periplasmic volume changes after procedures that may lead to plasmolysis (8) .
The space measurement should have a very important role in studies of permeability in rickettsiae. These obligatory intracellular parasites have a membrane that is labile once isolated from the host cytoplasm and which has often been assumed to be "leaky," i.e., to have a greatly increased passive permeability. The permeability properties of an organism which normally has cytoplasm on both sides of the cell membrane should be very interesting and may supply important clues concerning the nature of its parasitism. If one were to attempt to measure the uptake of material by membrane filtration in such cells, one could introduce a serious artifact by leaching the substrate out of the cell during the wash procedure. For example, a substance to which the cell is freely permeable could appear to be impermeant due to this artifact. The space method does not have this objection, since no wash is involved. Another limitation of work on rickettsial permeability is the amount of material available. In our hands, using the yolk sac for cultivation of rickettsia, we typically obtain in the rickettsial fraction 1 mg of protein per gram (wet weight) of yolk sac (15) . Hence, economic considerations demand that space measurements be done on the smallest amount of material suitable for consistent results. The most serious caveat in working with rickettsiae is that biologically active rickettsial preparations are not pure rickettsiae but are contaminated with host cell fragments and organelles. This makes absolute values for rickettsiae unobtainable, and meaningful experiments must be done with controls from the same preparation.
There are disadvantages of the space measurements. For example, binding of the test substance to the surface of the cells is a problem when very dense suspensions are used in which the receptor capacity of the cell surface becomes large related to the amount of test substance in the suspension. Furthermore, very short incubation times are not possible and one must work with dense suspensions where oxygen and energy sources can become exhausted. Other limitations of the space technique, while germane to sophisticated studies of the hydrody-namic properties of membranes, are not serious drawbacks in the simple studies described. Thus, with this technique a permeant substance will appear permeant and an impermeant substance impermeant, although an actively transported species may not be accumulated to the maximal gradient. Once having obtained this basic information one may progress to other techniques to study those compounds that are of interest, especially those substrates that are accumulated.
In this study I describe a micro space method in which more than 20 space determinations can be done on the rickettsiae derived from 10 yolk sacs. This method will be justified by comparison of values for Escherichia coli obtained herein with those in the literature obtained by macro space techniques. A measure of the cell water in preparations of R. prowazeki, an examination of the permeability of cells to some representative compounds, and the effects of two nonionic detergents upon rickettsial permeability will also be presented.
To determine the excluded volume of any compound by the micro space technique, rickettsiae were resuspended in the sucrose-phosphate-glutamate buffer of Bovarnick et al. (2) to approximately 10 mg of protein/ml and incubated in a tube (6 by 10 mm) with a pair of radiolabeled space markers, for example, 3H-labeled water and '4C-labeled sucrose. Substances labeled with 14C were present at 1 ,uCi/ ml, and 3H-labeled compounds were present at 8 uCi/ml; chemical concentrations are indicated in the tables. Three 30-,il disposable volumetric capillary tubes (Drummond) were filled to 25 ,Iu with the suspension, and the end not containing cells was sealed with a pinpoint flame from a propane torch. (Experiments using 10-lI tubes filled with 8 ,ul have also been successful.) After incubation for 10 min (similar values are obtained after a 30-min incubation) the tubes were centrifuged for 5 min in a microhematocrit centrifuge (15,000 x g). Longer centrifugations result in a more tightly packed pellet; however, since the extracellular volume is a measured quantity, the 5-min centrifugation schedule was found more convenient and just as precise. The outside of the tubes were rinsed three times in distilled water and once in ethanol, and the total volume and pellet volume were measured to the nearest 0.1 mm with a ruler under a magnifying glass. Packed cells usually occupied 5% of the total volume. Each tube was scored and broken off immediately above the packed cell pellet. The extracellular volume contributed by the small layer of fluid on top of the cell pellet is a known quantity and does not interfere with the permeability measurements since it contains both 3H-labeled water and the other marker, and it is the difference between these quantities that is of interest. All operations were carried out at room temperature (22 C). At these temperatures and times the biological activity of the rickettsiae was not decreased by these procedures since the cells from the pellet, when suspended with erythrocytes, were able to lyse sheep erythrocytes (9) as well as uncentrifuged material. The portion of the tube containing the cells was placed in a Minivial (Nuclear Associates) containing 0.3 ml of formic acid. Two 5-,ul portions of the incubated suspension and a 5-,pd portion of the supernatant fluid from each tube were also placed in vials with formic acid. The Minivials were capped and incubated overnight at room temperature. Aquasol (5 ml) (New England Nuclear Corp.) was then added to the vials, and they were counted by liquid scintillation spectrometry. When 14C-labeled inulin was used, the protocol was modified in two ways: the inulin solution was centrifuged at 10,000 x g for 10 min to remove any particulate material and water (1.5 ml) was added to the Minivial with the Aquasol to make a gel.
The volume (microliters) accessible to each marker in the pellet was calculated from the counts per minute in the pellet divided by the counts per minute/microliter in the supernatant fluid (which was essentially the same as the counts per minute/microliter in the incubated suspension). The excluded volume of any substance was calculated by subtracting the volume of the substance from the total aqueous volume as measured with 3H-labeled water. The values were then normalized to the pellet volume (cubic millimeters). A pellet volume of 1 mm3 (1 ,ul) contains about 0.2 mg of protein measured by the procedure of Lowry et al. (5) with bovine albumin as standard; the portion of this total protein which represents rickettsial protein (usually about 75%) is, of course, dependent on the purity of the preparation.
A comparison of micro and macro space determinations is shown in The effects of nonionic detergents on rickettsial permeability were investigated. Rickettsiae in sucrose-phosphate-glutamate buffer were treated with the nonionic detergents Lubrol-WX or Triton X-100 for 1 h at 0 C at a protein concentration of 0.6 mg/ml and a detergent concentration of 0.1%, centrifuged at 10,000 x g for 10 min, washed, and resuspended in sucrose-phosphate-glutamate buffer. Triton X-100 destroys the permeability barrier of the rickettsiae since sucrose becomes totally permeant (Table 2 ). Rickettsaie treated with Triton X-100 also lose all biological activity, as indicated by their inability to lyse sheep erythrocytes. These effects ofTriton X-100 are in accord with its wide usage as an agent to make intracellular enzymes accessible to normally inaccessible substrates.
On the other hand, Lubrol-WX at this concentration (0.1%) leaves both the permeability of rickettsiae and its biological activity, as measured by hemolysis and the ability to accumulate adenosine diphosphate, intact. Lubrol-WX has been used to form biologically active vesicular preparations of mitochondria (16) , and the same concentration of detergent was useful in removing contaminating mitochondria from rickettsial preparations. 
